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(54) Aqueous pigment ink composition 

(57) An aqueous pigment ink composition compris- 
ing an oxidized carbon black obtained by wet-oxidation 
of a carbon black using a hypohalous acid and/or salt 
thereof, and a water-soluble cationic polymer or oli- 
gomer in an aqueous medium. The aqueous pigment 
ink composition of the present invention does not cause 
clogging in a nozzle when used for ink jet recording, 
enables smooth writing from a narrow pen tip, and pro- 
vides a recorded image excellent in water resistance 
and light resistance and excellent in density and hue. 
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Description 

The present Invention relates to an aqueous pigment ink composition, more particularly to an aqueous pigment ink 
composition comprising an oxidized carbon black having improved water dispersibility as a coloring agent. 

Conventionally, aqueous dye ink comprising a black dye hem been mainly used as a recording solution for writing 
implements and ink Jet printers. Recently, an aqueous pigment ink composition using a pigment such as carbon black 
has been noticed in order to provide light resistance and water resistance to a recorded image. 

In such kind of pigment ink, carbon black of various brands commercially available for coloring agents (for coloring) 
are used. Acidic carbon black is believed to carry an acidic group such as a carboxyl group on the surface thereof 
These are generally obtained by moderately oxidizing the carbon black for coloring, such as for example furnace black 
by a surface modifying method such as a gas phase or liquid phase oxidation method, a plasma treatment method or 
the like using a usual oxidizing agent such as ozone, nitric acid, hydrogen peroxide, nitrogen oxide and the like 

These conventional acidic carbon black or channel black shows a certain hydrophilicity, however, has insufficient 
affinity and dispersion stability against an aqueous medium, and manifests poor dispersibility In water by itself There- 
fore, when these are used as a coloring agent of an aqueous pigment ink composition/these are required to be dis- 
persed in an aqueous medium and stabilized using a dispersing machine in the presence of so-called pigment 
dispersing agents, such as water-soluble various synthetic polymers and surfactants. 

For example, JP-A-64-6074 and JP-A-4-1 49286 describe an aqueous pigment ink composition comprising an 
acidic carbon black, dispersing agent (anionic surfactant, polymeric dispersing agent) and buffering solution. 

Further, JP-A-3-2 10373 describes ink for jet printing comprising acidic carbon black and water-soluble anionic pol- 
ymer having a volatile content of 3.5 to 8% by weight. 

Further, JP-A-3-1 34073 describes an ink jet recording solution comprising neutral or basic carbon black and an 
water-soluble resin. 

In general, for stable discharging of droplets from a fine end of an ink jet recording head and for smooth writing with 
narrow pen point of an aqueous ball-point pen, it is necessary to prevent setting of an ink in the orifice of an ink iet 
recording head and the tip of a ball-point pen. 

However, when commercially available carbon black is used like a conventional aqueous pigment ink composition 
a resin constituting the dispersing agent adheres to the orifice and the like and is not re-dissolved and clogging and 
unemitting of droplets easily occur. Also, since aqueous pigment ink composition comprising a dispersing agent is vis- 
cous, the ink generates resistance in the route leading to the end of a nozzle, discharging becomes unstable and 
smooth recording becomes difficult, when continuous discharging for a long period of time and high speed printing are 
conducted. Further, the conventional aqueous pigment ink composition has defects that pigment content can not be 
fully increased since discharging stability should be secured, and printing density becomes insufficient by comparison 
with aqueous dye ink (recording solution). 

To solve these defects, the present inventors disclosed the aqueous pigment ink composition containing no dis- 
persing agent in JP-A-8-98436. In the aqueous pigment ink composition described here, water dispersibility of carbon 
black used as a coloring agent is remarkably improved, and a resinous component such as the dispersing agent is not 
contained. Therefore, thin aqueous pigment ink composition does not cause clogging in a nozzle when used for Inkjet 
recording, and provides smooth writing from a narrow pen tip. 

However, when this aqueous pigment ink composition is used, it is desired to improve dying fastness, water resist- 
ance, and image quality of a recorded image after recording. 

Further, there is a problem that, in general, the smaller the average particle size of carbon black is, the more red- 
dish it becomes, and printing density is scarcely improved even if the content of carbon black is increased. Therefore 
the above-described aqueous pigment ink composition comprising carbon black in finely dispersed condition have to 
<*5 be controlled its hue to obtain excellent recorded image density and hue. 

For example, JP-A-2-276872 describes a recording solution comprising carbon black and a specific trisazo direct 
dye, JP-A-2-276875 describes a recording solution comprising carbon black and a specific disazo acidic dye, and JP- 
A-7-268258 describes a recording solution for ink jet printing comprising carbon black and a water-insoluble phthalocy- 
amne-based coloring material. 

so However, in the aqueous pigment ink composition, there are problems in dispersion stability and re-dispersibility 
since commercially available carbon black is used. The ink is not re-dissolved or re-dispersed in an orifice and the like 
and clogging, unemitting of droplets and the like easily occur. Further, there are problems that an acidic dye and direct 
dye have poor water resistance and light resistance by comparison with carbon black, the acidic dye and direct dye are 
subjected to blotting and discoloration, unevenness easily occur in a recorded image, dark and pale parts are produced 

so in prints in a long period, and the like. 

The object of the present invention is to provide an aqueous pigment ink composition which does not cause clog- 
ging in a nozzle when used for ink jet recording, enables smooth writing from a narrow pen tip, and provides a recorded 
image excellent in water resistance and light resistance and excellent in density and hue. 
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This object has been achieved by an aqueous pigment ink composition comprising oxidized carbon black obtained 
by wet-oxidation of carbon black using a hypohaious acid and/or salt thereof, and a water-soluble cationic polymer or 
oligomer in an aqueous liquid medium. 

Further, the present invention provides an aqueous pigment ink composition comprising oxidized carbon black 
£ obtained by wet-oxidation of carbon black using a hypohaious acid and/or salt thereof, and a water-soluble cationic sur- 
factant in an aqueous liquid medium. 

Further, the present invention provides an aqueous pigment ink composition comprising oxidized carbon black 
obtained by wet-oxidation of carbon black using a hypohaious acid and/or salt thereof, and a basic dye in an aqueous 
liquid medium. 

w In the aqueous pigment ink composition of the present invention, the oxidized carbon black is produced preferably 
by the method which comprises the steps of 

(a) dispersing finely carbon black in water, 

(b) oxidizing the carbon black using a hypohaious acid and/or salt thereof, and 

75 (c) purifying and concentrating the resulted solution after the steps (a) and (b) to obtain a water dispersion having 
a pigment content of 10 to 30% by weight. Alternatively, the oxidized carbon black is produced preferably by the 
method which comprises the step of neutralizing a part of acidic groups existing on the surface of the carbon black 
with a volatile basic compound after the steps (a) and (b). 

20 The oxidized carbon black contained in the aqueous pigment ink composition of the present invention is obtained 

by a wet-oxidation treatment of carbon black using a hypohaious acid and/or salt thereof. The carbon black which is 
used as a raw material for the oxidized carbon black is generally a carbon powder which is obtained by thermal decom- 
position or incomplete combustion of a natural gas and liquid hydrocarbon (heavy oil, tar and the like). These are clas- 
sified into channel black, furnace black, lamp black and the like depending on the production method, and are 

25 commercially available. 

The kind of the carbon black used as a raw material is not particularly restricted. Any of the above-described acidic 
carbon black, neutral carbon black and alkaline carbon black can be used. 

Specific examples of the carbon black include #10B, #20B, #30, #33, #40, #44, #45, #45L, #50, #55, #95. #260, 
#900, #1000, #2200B, #2300, #2350, #2400B, #2650, #2700, #4000B, CF9, MA8, MA11, MA77, MA100, MA220. 

30 MA230, MA600, MCF88 and the like manufactured by Mitsubishi Kagaku K.K.; Monarch 120, Monarch 700, Monarch 
800, Monarch 880, Monarch 1000, Monarch 1100, Monarch 1300, Monarch 1400, Mogul L, Regal 99R, Regal 250R, 
Regal 300R, Regal 330R, Regal 400R, Regal 500R, Regal 660R and the like manufactured by Cabot K.K.; Printex A, 
Printex G, Printex U, Printex V, Printex 55, Printex 140U, Printex 140V, Special black 4, Special black 4A, Special black 
5, Special black 6, Special black 100, Special black 250, Color black FW1 , Color black FW2, Color black FW2V, Color 

35 black FW18, Color black FW200, Color black S150, Color black S160, Color black S170 and the like manufactured by 
Degussa K.K. ; and the like. 

The acidic carbon black is preferred to be used as a raw material since it has acidic groups such as a phenolic 
hydroxyl group, carboxyl group and the like on the surface of the particle. The acidic carbon black has pH of generally 
not more than 6, particularly not more than 4. 

<o Specifically, the acidic carbon black is commercially available from Mitsubishi Kasei K.K. under the trade name of 
MA8, MA100, 2200B and 2400B, from Degussa K.K. under the trade name of Color carbon black FW200, Color black 
FW18, Color black S150, Color black S160, Color black S170, Printex U and Printex 1400, from Cabot K.K. under the 
trade name of Monarch 1300, Mogul L and Regal 400R, from Columbian Carbon K.K. under the trade name of Laben 
1200, Laben 1220 and Laben 1225. 

45 Specifically, the neutral or basic carbon black is commercially available from Mitsubishi Kasei K.K. under the trade 
name of #33, #45, #45L, #10B t #4000B, #2300, #2400 and #900, from Degussa K.K. under the trade name of Color 
Furnace such as Printex 35, Printex 60, Printex 300, Printex A and the like, from Cabot K.K. under the trade name of 
Oil Furnace such as Regal 330R, Regal 300R, Regal SR and the like, from Columbian Carbon K.K. under the trade 
name of Laben 40, CONDUCTEX SC and MOLACCO LS. 

so Such carbon black is wet-oxidized in water using a hypohaious acid and/or salt thereof. Specific examples of a 
hypohaious acid and/or salt thereof include sodium hypochlorite and potassium hypochlorite, and sodium hypochlorite 
is preferable from the viewpoint of reactivity. 

The oxidation reaction is conducted by charging carbon black and hypohalite (for example, sodium hypochlorite) in 
a suitable amount of water, and by stirring the resulting solution at a temperature of not less than room temperature, 

55 preferably from 95 to 105°C for 5 hours or more, preferably from about 10 to 15 hours. In this reaction, it is preferable 
that the carbon black is subjected to oxidation treatment in finely dispersed condition. 

The term "finely dispersing" in the present specification means that a secondary particle of carbon black is at least 
finely ground in water to be micronized to the size of a primary particle or the near size. The average particle size of the 
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finely dispersed carbon black is generally not more than 300 nm, preferably not more than 150 nm. more preferably not 
more than 1 00 nm. 

In general, finely dispersing is conducted by wet-grinding operation in an aqueous medium for 3 to 10 hours usinq 
a mill medium and a grinding apparatus. As the mill medium, glass beads, zirconia beads, magnetic beads, stainless 
5 beads and the like are used As the grinding apparatus, a ball mill, attriter, flow jet mixer, impeller mixer, colloidal mill 
thenar* finduded ^ GRINDER ' SUPER MLL ABATOR MILL. DINAU MILL (trade name)) and 

However, there is also a case in which the carbon black is finely dispersed only by high speed stirring using a 
homogemzer (homomixer) and the like in an aqueous solvent depending on the kind of the carbon black used as a raw 

The finely dispersing is not necessarily conducted before the oxidation treatment, and may be conducted simulta- 
neously with the ox.dation treatment by conducting stirring or grinding in an aqueous solution of a hypohalite and the 

1 1 KG. 

The amount used of the hypohalite differs depending on the kind thereof, and usually from 1 .5 to 150% by weiqht 
is preferably from 4 to 75% by weight in terms of 1 00% based on the weight of carbon black 

The resulted oxidized carbon black has a oxygen content of not less than about 3% by weight, preferably not less 
than about 5 /„ by weight, more preferably not less than 1 0% by weight. As a result of oxidation treatment by the method 
of the present invention, the oxygen content increases by several to dozens of times based on the oxygen content of 
the carbon black before the treatment. 
20 The measurement of the oxygen content is conducted by "Inert Gas - Infrared Ray Absorption Method" This 
method I .s conducted by heating a sample in an inert gas f tow such as helium and the like, extracting oxygen as carbon 
monoxide, and the amount of carbon monoxide is measured by an infrared absorption method 

The feature of the aqueous pigment ink composition of the present invention is not restricted only by the oxvoen 
content of the oxidized carbon black contained. Though the reason for this is not clear, the oxidized carbon black in the 
present invention forms a stable water dispersion by comparison with a commercially available carbon black even if the 
oxygen content is 3 to 1 0% by weight. ' 

It is said that, in a reaction between a carbon black and hypohalite, in general, various functional groups existing on 
the surface of the carbon black are oxidized, and a carboxyl group and hydroxy! group are formed. These polar groups 
have active hydrogen, and this active hydrogen content can be measured by, for example Zeisel method 

v, II- 'l Pref l rable i hat u 6 \ oxidi2ed carbon black used in th e aqueous pigment ink composition of the present invention 
has high surface active hydrogen content (mmol/g). It is because such oxidized carbon black shows particularly excel- 
lent water dispers,b.l.ty. The surface active hydrogen content of the oxidized carbon black contained in the aqueous pig- 
ment mk composition of the present invention is not particularly restricted, and preferably not less than at least about 
0.3 mmol/g. more preferably not less than about 1 .0 mmol/g. 

In general, carbon black having high surface active hydrogen content has enhanced hydrophilicfty itself, since it has 
on the surface a lot of hydroxyl groups and carboxyl groups carrying active hydrogen. Further, it is supposed that the 
surface area of the carbon black increases simultaneously, and the surface of the carbon black has such chemical prop- 
erty as if it were an acidic dye. consequently the water dispersibility becomes excellent 

The feature of the aqueous pigment ink composition of the present invention is not restricted only by the surface 
active hydrogen content of the oxidized carbon black contained. That is, not all carbon black having an active hydrogen 
content of about 0. 1 to about 1 .0 mmol/g attain the object of the present invention. 

The dispersion of the oxidized carbon black after the oxidation treatment is then filtered (with heating) the resultino 
wet cake is re-d.spersed in water, then beads and coarse particles are removed using a mesh wire gauze. Alternatively 
after beads and coarse particles are removed, the wet cake is washed with water to remove a by-produced salt Alter- 
natively, a slurry from which beads and coarse particles have been removed is diluted with a lot of water then mem- 
brane purification and concentration may be conducted without any pre-treatment 

It is preferable that the wet cake of this oxidized carbon black is optionally re-dispersed in water, and subjected to 
acd treatment using a mineral acid (for example, hydrochloric acid and sulfuric acid). The acid treatment is preferably 
conducted by adding hydrochloric acid to the water dispersion to control pH thereof to not more than 3. and by heating 
and st.rr.ng the d.spers.on at a temperature of not less than 80°C for 1 to 5 hours. It is because the acid treatment is 
advantageous for forming an ammonium salt or amine salt by aqueous ammonia or an amine compound and for 
adsorption of a water-soluble cationic polymer or oligomer in the next step. Then, the dispersion is filtered washed with 
water, and the resulting wet cake is re-dispersed in water. 

The dispersion of the oxidized carbon black is then optionally neutralized with a basic compound preferably an 
amine compound. Since acid groups exist on the surface of the oxidized carbon black, at least a part of them bonds 
(ionic i with an amine compound to form an ammonium salt or amine salt. In this way, by converting the oxidized carbon 
black to an amine salt, dispersion stability of the aqueous pigment ink composition, prevention of nozzle clogging and 
water resistance when recorded on paper are improved. 
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As a preferable amine compound, a water-soluble volatile amine, alkanol amine and the like are included. Specific 
examples include ammonia, volatile amines substituted with an alky! group having 1 to 3 carbon atoms (for example, 
methylamine, trimethylamine, diethylamine, propylamine); alkanolamines substituted with. an alkanol group having 1 to 
3 carbon atoms (for example, ethanolamine, diethanolamine, triethanolamine); alkylalkanolamines substituted with an 

5 alky! group having 1 to 3 carbon atoms and an alkanol group having 1 to 3 carbon atoms, and the like. Particularly pref- 
erable amine compound Is ammonia. However, not all acidic groups are required to be converted to an ammonium salt 
or amine salt. A part of the acidic groups is rather required to remain so that a water-soluble cationic polymer or oli- 
gomer used in forming ink, can be adsorbed on the surface of the carbon black 

The amine compound can be used in combination of two or more. Further, acidic groups existing on the surface of 

io the oxidized carbon black may be partially converted to an alkaline metal salt for controlling affinity and dispersion sta- 
bility against an aqueous medium and for preventing metal corrosion, and in this case, sodium hydroxide, potassium 
hydroxide .lithium hydroxide and the like are used as a basic compound together with an amine compound. 

The dispersion of the oxidized carbon black which has been converted to an amine salt is then purified and con- 
centrated using separating membrane having fine pores such as reverse osmosis membrane and ultrafiltration mem- 

15 brane. The concentration is conducted, in general, so that a concentrated pigment dispersion is obtained in which the 
carbon black content is about from 10 to 30% by weight based on water. The resulting pigment dispersion can be used 
as an aqueous pigment ink composition without any treatment, and in this case, the content of carbon black is prefera- 
bly from 1 to 20% by weight. The concentrated pigment dispersion may further be dried to form a powdery pigment, or 
may further be concentrated to form a pigment dispersion having a pigment content of about 50% by weight. Then, 

20 these are dispersed in the aqueous medium described below, other components are added to the dispersion, and the 
concentration thereof is suitably controlled to prepare the aqueous pigment ink composition of the present invention. 

The oxidized carbon black of the present invention is generally desired to be contained in an amount from 1 to 50% 
by weight, preferably from 2 to 20% by weight based on the total amount of the aqueous pigment ink composition. The 
reason for this is that when the content of the carbon black is less than 1% by weight, printing or writing density may be 

25 insufficient and when over 20% by weight, the carbon black easily flocculates, a precipitation is formed and discharging 
stability becomes worth during long period of storage. 

It is preferred that the average particle size of the carbon black in the aqueous pigment ink composition of the 
present invention is not more than 300 nm, especially not more than 150 nm, further not more than 100 nm. The reason 
for this is that when the average particle size of the carbon black is over 300 nm, the pigment may precipitate. 

30 It is preferable that the aqueous pigment ink composition of the present invention further comprises a water-soluble 
cationic polymer or oligomer. The reason for this is that water resistance and dying fastness of a recorded image after 
recording with the aqueous pigment ink composition are improved by addition of these compounds. 

This water-soiuble cationic polymer or oligomer is not expected so much to have an ability to disperse a pigment, 
and it differs from a pigment dispersing agent usually used in this point. The reason for this is that the oxidized carbon 

35 black itself has excellent dispersibility and re-dispersibility in an aqueous medium. 

In general, when lipophilic carbon black is dispersed in a water-based solvent, a dispersing agent is used. The dis- 
persing agent should contain a hydrophilic group and lipophilic group placed in well balance, and the lipophilic group 
should be adsorbed strongly on the surface of the carbon black. However, the water-soluble cationic polymer or oli- 
gomer used in the present invention is not required to be adsorbed strongly on the surface of the carbon black, there- 
to fore, the lipophilic group of the water-soluble cationic polymer or oligomer may have weak lipophilicity by comparison 
with usual dispersing agents. 

However, dispersion stability and discharging stability of the aqueous pigment ink composition should not be 
harmed by including the water-soluble cationic polymer or oligomer. Therefore, it is necessary to use the water-soluble 
cationic polymer or oligomer which can wrap carbon black in fine particulate condition to prevent the formation of bulky 

45 flocculates in drying. The water-soluble cationic polymer or oligomer should be easily re-dissolved, in order to avoid set- 
ting of ink in an orifice or nozzle. 

The water-soluble cationic polymer or oligomer includes a cationic polymer having a weight-average molecular 
weight of not more than 100000, preferably not more than 50000. In other word, a polymer or oligomer having a 
number-average molecular weight of not more than 50000, preferably from 20000 to 1000 is included. 

so When the average molecular weight of the polymer is not less than 100000. viscosity of the ink and particle size of 
the dispersion increase and excellent discharging stability may not be obtained. The amine value of the polymer differs 
depending on the kind of the cationic polymer and not particularly restricted, but it is preferable that the amine value is 
generally from about 5 to 30 (mg eq/g polymer-solid). 

Examples of the water-soluble cationic polymer or, oligomer used in the present invention include polyallylamine 

55 represented by the formula: 

I 
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-fCH a -CH^ 
CH 2 NH 2 

polyvinylamine represented by the formula: 



10 



NH 2 



polyethyteneimine represented by the formula: 



20 



25 



H 2 N^CH 2 CH 2 -N^CH a CH 2 
CH 2 CH 2 — N- 



polyvinyl pyrrolidone represented by the formula: 

30 

-fCH 2 -CH-}n- 



polyamidine (hydrochloride) represented by the formula: 

40 



45 



so polyamine sulfone represented by the formula: 
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CH 2 — S0 2 




10 



and, polyimine represented by the formula: 



75 




NH— CH 2 — CH — CH 



I 

OH 




20 



and the like (wherein, m and n are a positive integer). 

Other example include a cation modified compound of polyacrylamide, a copolymer of acrylamide and cationic 
monomer, hydroxypropyl polyethyleneimine, polyamide-epichlorohydrin resin, quaternary poiyvinylpyridinium, alkyl pol- 
yvinylpyrrolidone and the like; and homopolymers of vinylpyrrolidone-based monomer, oxazoline-based monomer, viny- 
25 loxazolidone-based monomer and vinylimidazol-based monomer, and copolymers of these monomers with usual 
monomers such as acrylamide. methacrylamide, acrylate. methacrylate, tert-butyl acrylate, vinyl ether, acrylonitrile, 
vinyl acetate, ethylene, styrene and the like. 

Polyallylamine, polyvinylamine, polyethyleneimine and polyvinylpyrrolidone and the like are preferably used. 

Further, an amine-added epoxy resin, amine-added polybutadiene resin, acrylamine copolymer resin, amine- 
30 added acrylic resin, amine-added methacrylic resin, acrylamide resin, copolymer of acrylamide with a cationic mono- 
mer, resin having an oxazoline group, methacrylamide resin having a cationic group, methacrylamine copolymer having 
a cationic group, cation-modified polyvinylalcohol, cation-modified cellulose, water-soluble copolymer prepared from a 
vinyl -based monomer having a cationic group with a vinyl -based monomer, or, cationic urea resin, cationic sizing agent, 
and the like can also be used within the technical scope of the present invention. A nonionic polymer can be optionally 
35 added in the range which does not interfere with the effect of the present invention. 

Specific examples of the water-soluble cationic polymer or oligomer include polyallylamine (PAA), polyallylamine 
hydrochloride (PAA-HCI) manufactured by Nitto Boseki K.K., polyvinylamine (PVAM 0595B) manufactured by Mitsubishi 
Kagaku K.K. polyethyleneimine (Epomine PS-012, PS-200, P-1000) and the like. 

These water-soluble cationic polymers or oligomers are preferably used in an amount from 0.1 to 20% by weight 
40 based on the total amount of the aqueous pigment ink composition of the present invention and in an amount from 1 to 
1/10 fold of the weight of the oxidized carbon black contained in the ink of the present invention. 

The aqueous pigment ink composition of the present Invention may contain a water-soluble cationic surfactant 
instead of the water-soluble cationic polymer or oligomer. The reason for this is that water resistance and light resist- 
ance of a recorded image after recording with the aqueous pigment ink composition are improved by addition of these 
45 compound. 

This water-soluble cationic surfactant is not expected so much to have an ability to disperse a pigment, and it differs 
from a pigment dispersing agent usually used in this point. The reason for this is that the oxidized carbon black itself 
has excellent dispersibility and re-dispersibility in an aqueous medium. 



In general, when lipophilic carbon black is dispersed in a water-based solvent, a dispersing agent is used. The dis- 



so persing agent should contain a hydrophilic group and lipophilic group placed in well balance, and the lipophilic group 
should be adsorbed on the surface of the carbon black. However, the water-soluble cationic polymer used in the present 
invention is not necessarily required to be adsorbed on the surface of the carbon black, therefore, the lipophilic group 
of the water-soluble cationic polymer may have weak lipophilicity by comparison with usual dispersing agents. 

However, dispersion stability and discharging stability of the aqueous pigment ink composition should not be 

55 harmed by including the water-soluble cationic surfactant. Therefore, it is necessary to use the water-soluble cationic 
surfactant which can wrap carbon black in fine particulate condition to prevent the formation of bulky flocculates in dry- 
ing. The water-soluble cationic polymer or oligomer should be easily redissolved, in order to avoid setting of ink in an 
orifice or nozzle. 
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Examples of such surfactants include an aliphatic amine salt represented by the formula: 



R 2 — fM«X 



10 



( ,T^'nl',™ n ;' k> ' ! "°" P haVi "'f B 1 8 ca ' t >°" •*>"* r! -1 R 3 »• a hydra,*, atom or alkyl group having , 1„ 

„ oh^^racir 0 "* " 80id r ' ,e,h, ' SU " 1 '" 0 °' °" h """* ~ S "°" 85 
a quaternary ammonium salt represented by the formula: 



20 



25 



R 3 

-N — R 4 

A* 



30 



(wherein R\ R2 and R 3 are an alkyl group having 1 to 18 carbon atoms, R 4 is an alkyl group having 1 to 18 carbon 
atoms, phenyl group or benzyl group, X is CI, Br or I), y P 9 Carb0n 

a pyridinium salt represented by the formula: ' 



35 



40 



45 



50 



1 +* 




N-R 



(wherein, R 1 is an alkyl group having 8 to 18 carbon atoms, X is CI, Br or I), 
an imidazolinium salt represented by the formula: 



r 



-i + 



N 



55 xtaBror 5," *"* ^ * 1 8 ^ * iB 3 Otoip. methy. group or phenyl group. 



I) 

and. benzotonium chloride represented by the formula: 
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10 



CH 3 CH 3 ^ 
CH 3 — C-CH 2 -C-^^)HfoCH 2 OCH 2 -)^N-CH 2 — <Q> 



CH 3 



I 



CH 3 



I 

CH, 



CI 



Specific examples of the water-soluble cationic surfactant used in the present invention include: 

75 

inorganic or organic acid salts of an aliphatic primary amine such as octylamine, laurylamine, stearylamine, 
oleylamine, tetradecylamine, hexadecylamine, coconut amine, coconut alkylamine, tallow amine, cured tallow 
alkylamine, soybean alkylamine and the like; 

inorganic or organic acid salts of an aliphatic secondary amine such as distearylamine, dioleylamine, di-coconut 

so alkylamine, di -cured tallow alkylamine and the like; 

inorganic or organic acid salts of aliphatic tertiary amine such as dimethyl octylamine, dimethyldecylamine, dimeth- 
ylaurylamine, dimethylmyristylamine, dimethylpalmitylamine, dimethylstearylamine, dilaurylmonomethylamine, dio- 
leylmonom ethyl a mine, trioctylamine, dimethyl coconut amine, coconut alkyldimethylamine, tallow 
alkyldimethylamine, cured tallow alkyldimethylamine, soybean alkyldimethylamine, di-coconut alkylmonomethyl- 

25 amine, di-cured tallow alkylmonomethylamine and the like; 

aliphatic quaternary ammonium salts such as tetramethylammonium chloride, tetraethylammonium chloride, 
tetrapropylammonium chloride, tetrabutylammonium chloride, lauryltrimethylammonium chloride, trioctylmethylam- 
monium chloride, 3-chloro-2-hydroxypropyltrimethylammonium chloride, docosenyltrimethylammonium chloride, 
hexadecyltrimethylammonium chloride, octadecyltrimethylammonium chloride, coconut alkytrimethylammonium 

30 chloride, tallow alkyltrimethylammonium chloride, octadecyldimethyl (3-trimethoxysilylpropyl)ammonium chloride 
and the like; 

aromatic quaternary ammonium salts such as benzyltrimethylammonium chloride, benzyltriethylammonium chlo- 
ride, benzyitributyiammonium chloride, benzyltrimethylammonium chloride, phenyltrimethylammonium chloride, 
cetyldimethylbenzylammonium chloride and the like; 

35 pyridinium salt type compounds (for example, octylpyridinium chloride, cetylpicolinium chloride), imidazoline type 
cationic compounds (for example, 2-heptadecenyl-hydroxyethylimidazolium chloride), benzotonlum chloride, ethyl- 
ene oxide added type quaternary ammonium salts (for example, polyoxyethylenetrimethylammonium chloride), 
hydrochloride or acetate of aliphatic amides; 
salt of polyethylenepolyamine aliphatic amides; 

<o salt of urea condensate of polyethylenepolyamine aliphatic amides; 

quaternary ammonium salt of urea condensate of polyethylenepolyamine aliphatic amides; and 
N,N-dialkylmorphonium salts; 
and the like. 

45 These water-soluble cationic surfactant are preferably added in an amount from 0.1 to 20% by weight, preferably 
from 1 to 10% by weight, further preferably from 1 to 5% by weight based on the total amount of the aqueous pigment 
ink composition of the present invention; or in an amount from 0.1 to 1 fold, preferably from 0.5 to 1 fold, further prefer- 
ably about 1 fold by weight of the oxidized carbon black contained in the present invention. 

In the pigment ink composition of the present invention, wetting ability for the nozzle of an ink jet recording head is 
so improved by addition of these surfactants, and printing unevenness disappears. 

Regarding the reaction product of carbon black and hypohalite, it is said that, in general, various functional groups 
existing on the surface of the carbon black are oxidized to become carboxyl groups and hydroxyl groups. It is preferable 
that a part of the acidic groups and a cationic surfactant form salts. The reason for this is that water resistance of this 
carbon black is improved by the formation of salts. However, if all of the acidic groups existing on the surface of the car- 
55 bon black and a cationic surfactant form salts, hydrophilicity has been endowed with the carbon black is lost, conse- 
quently, flocculation and precipitation of pigment easily occur, and properties of the ink decrease. 

Further, a water-soluble resin can optionally be added in the range which does not interfere with the effect of the 
present invention. 
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It is preferable that the water-soluble pigment ink composition of the present invention further contains a basic dye 
The reason for this ; is that density and hue of a recorded image after recording with the aqueous pigment ink composi- 
t.on are improved by addition of the basic dye. In this specification, the term "basic dye" means the dye having at least 
onebas.c nitrogen atom in a molecule. The basic nitrogen atom means the nitrogen atom which is ionized or quater- 

s nized in an aqueous medium by an acidic compound (for example mineral acid: hydrochloric acid, sulfuric acid meth- 
ylsulf uric acd, acetic acid) to show cationic property. Specific examples of the basic dye include di- and triarylmethane- 
based dyes; quinoneimine-based dyes such as azine-based (including nigrosine), oxazine-based. thiazine-based and 
the like; xanthene-based dyes; triazol azo-based dyes; thiazol azo-based dyes; benzothiazol azo-based dyes- azo- 
based dyes; methme-based dyes such as polymethine-based, azomethine-based, azamethine-based and the like- 

10 anthraquinone-based dyes; phthalocyanine-based dyes, and the like. Preferable examples are di- and triarylmethane- 
based dyes, quinoneimine-based dyes and anthraquinone-based dyes. 

Further, it is particularly preferable that the basic dye used in the present invention is water-soluble itself, or ionized 
or quaternized to become water-soluble or to become alcohol-soluble. 

,Mr^ rther u Spe !f? examp,es of y ellow basic dves use ° in the present invention include the dyes described in COLOR 
is INDEX such as C. I. Basic Yellows- 1, -2, -9, -11, -12, -13, -14,-15,-19,-21,-23,-24.-25,-28.-29.-32,-33 -34 -35 - 
36. -41, -51. -63, -73, -80 and the like. 

As a commercially available yellow basic dye, 

Aizen Cathilon Yellow GPLH (trade name; manufactured by Hodogaya Kagaku K.K.) and the like are included 
Examples of orange basic dyes include the dyes described in COLOR INDEX such as C. I. Basic Oranges-1 -2 - 
so 7, -14. -15. -21 . -22, -23, -24, -25. -30, -32, -33. -34 and the like. ranges !. <i. 

Examples of red basic dyes include the dyes described in COLOR INDEX such as C. I Basic Reds-1 -2 -3 -4 - 
8. -9. -12. -13. -14. -15, -16, -17, -18, -22, -23, -24. -25, -26, -27, -29, -30. -32. -34, -35, -36. -37. -38 -39 -40 -4l" -42 
-43. -46. -49. -50. -51, -52, -53 and the like. ' ' 

As a commercially available red basic dye, 

25 , o Ai26 » £ athi '° n R6d BPLH - Aizen Cathilon Red RH < trade names : manufactured by Hodogaya Kagaku K K ) Dia- 
cryl Supra Br.n.ant Red 2G. Diacryl Supra Brilliant Red 3B. Diacryl Supra Red NRL (trade names; manufactured by Mit- 
subishi Kagaku K.K.). Sumiacryl Red B (trade name; manufactured by Sumitomo Kagaku K.K.) and the like are 
included. 

Examples of violet basic dyes include the dyes described in COLOR INDEX such as C. I Basic Violets-1 -2 -3 - 
30 4. -5 -6. -7 -8. -10 -11. -12 -13. -14. -15, -16, -18, -21, -23, -24, -25. -26, -27. -28, -29. -33. -39andthe^e 

Examples of blue basic dyes include the dyes described in COLOR INDEX such as C. I. Basic Blues-1 -2 -3 -5 

« "V'™ "i 5, 1 8 ' "Jo' ' 20, * 21 " " 22 ' " 24, " 25, * 26 ' - 28 ' - 29, " 33 - " 35 - ' 37 ' - 40 ' - 41 - - 45 - - 46 - • 4 7-49. -50. '- 

53. -54. -58. -59. -60, -62. -63. -64. -65. -66, -67, -68, -69. -70, -71, -75, -77, -78. -79, -82, -83. -87, -88 and the like 

As a commercially available blue basic dye, Aizen Cathilon Turquoise Blue LH, Aizen Cathilon Brilliant Blue F3RLH 
(trade names; manufactured by Hodogaya Kagaku K.K.), Diacryl Supra Brilliant Blue 2B, Diacryl Supra Brilliant Blue 
Diacryl Supra Blue BL (trade names; manufactured by Mitsubishi Kagaku K.K.). Sumiacryl Navy Blue R (trade 
name; manufactured by Sumitomo Kagaku K.K.) and the like are included. 

Examples of green basic dyes include the dyes described in COLOR INDEX such as C. I. Basic Greens-1 -4 -6 
-10 and the like. ' ' ' 

As a commercially available green basic dye, Diacryl Supra Brilliant Green 2GL (trade name; manufactured by Mit- 
subishi Kagaku K.K.) and the like are included. y 

Examples of brown basic dyes include the dyes described in COLOR INDEX such as C. I. Basic Browns-1 -2 -4 
-5. -7, -1 1 . -1 2. -1 3, -1 5 and the like. ' ' ' 

As a commercially available brown basic dye, Janus Brown R (trade name; manufactured by Nippon Kagaku K K ) 
Aizen Cathilon Brown GH (trade name; manufactured by Hodogaya Kagaku K.K.) and the like. 

Examples of black basic dyes include the dyes described in COLOR INDEX such as C. I. Basic Blacks-1 -2 -3 - 
7, -8 and the like, or Nigrosine-based basic dyes. ' ' ' 

By addition of the above-described basic dyes, a recorded image having high print density and clear and excellent 
hue can be obtained, since the basic dyes complement the color of the carbon black. Namely, hue and printing density 
of the aqueous pigment ink composition can be suitably regulated or controlled by adding the above-described basic 
dyes alone or in combination of two or more. 

In particular finely dispersed carbon black easily becomes reddish black in general, and a violet basic dye or blue 
basic dye is preferably added for controlling hue of the aqueous pigment ink composition. By controlling hue printing 
density of the recorded image which is recorded with the aqueous pigment ink composition are improved 

Further, in the aqueous pigment ink composition of the present invention, it is believed that a part of the acidic 
groups existing on the surface of the carbon black and a basic dye form salts. By this salt formation, water resistance 
of the recorded image which is recorded with this aqueous pigment ink composition is improved, and blurring is hardly 
caused in the recorded image. Therefore, minute letters can be clearly printed even in an Inkjet recoiding method 
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The basic dye is desired to be contained in an amount from 0.01 to 20% by weight, preferably from 0.03 to 1 0% by 
weight, further from 0.03 to 5% by weight based on the total amount of the ink. When the content is not more than 
0.01% by weight, the carbon black can not be complemented and printing density is not improved. When over 20% by 
weight, floccuiation and precipitation of the carbon biack may occur, or co-precipitation of the carbon black with the 
5 basic dye may occur, and therefore, discharge from the orifice of the recording head of an ink jet printer or ball-point 
pen tip becomes poor. 

The aqueous pigment ink composition of the present invention can optionally contain a water-miscible organic sol- 
vent. In this specification, water, a water-miscible organic solvent and a mixture thereof are referred to as an aqueous 
medium. 

10 Examples of the water-miscible organic solvent include alkyl alcohols having 1 to 4 carbon atoms such as methyl 
alcohol, ethyl alcohol, n-propyl alcohol, isopropyl alcohol, n-butyl alcohol, sec-butyl alcohol and isobutyl alcohol; 
ketones or ketone alcohols such as acetone and diacetone alcohol; ethers such as tetrahydrofuran (THF) and dioxane; 
alkylene glycols such as ethylene glycol, propylene glycol, diethyiene glycol and triethylene glycol; poiyalkylene glycol 
such as polyethylene glycol and polypropylene glycol; lower alkyl ethers of polyhydric alcohol such as ethylene glycol 

is monoethyl ether, propylene glycol monomethyl ether, diethyiene glycol monomethyl ether and triethylene glycol monoe- 
thyl ether; lower alkyl ether acetate such as polyethylene glycol monomethyl ether acetate; glycerin; pyrrolidones such 
as 2-pyrrolidone, 2-methylpyrrolidone and N-methyl-2-pyrrolidone; and the like. The amount used of these organic sol- 
vents is not particularly restricted, and generally in the range of 3 to 50% by weight. 

Since the aqueous pigment ink composition of the present invention is fully desalted and purified, no corrosion 

20 occur in writing instruments, ink jet printers and the like. Further, since a part of the carboxyl groups existing one the 
surface of the carbon black is converted to an ammonium salt and the like, there is not need to particularly control pH. 
Further, a part of the carboxyl groups may be converted to an alkaline metal salt derived from the alkaline metal (Na, 
K) salts of hypohalous acid. 

The aqueous pigment ink composition of the present invention may contain a suitable amount of additives which 
25 are usually used in such kind of ink such as a viscosity regulator, antifungal agent, anticorrosion agent and the like. 

According to the present invention, the ink composition which contains the carbon black excellent in water-dispers- 
ibility by comparison with the commercially available (acidic) carbon black as a coloring agent, is provided. 

In the aqueous pigment ink composition of the present invention, fixing ability, printing density, gloss on recording 
paper and wetting ability for the nozzle of a recording head are improved by addition of a water-soluble cationic polymer, 
30 oligomer or water-soluble cationic surfactant. 

The aqueous pigment ink composition of the present invention provides excellent recording and writing properties 
and realizes high speed printing and writing with no faint of letters. 

Further, letters and drawings recorded on normal paper and coated paper having no absorptivity are excellent in 
fastness (water resistance and light resistance), and when they are immersed in water again, carbon black does not 

35 flOW OUt. 

Further, by adding the basic dye, the carbon black is complemented in color and the carbon black can be contained 
in high content, therefore, the aqueous pigment ink composition of the present invention provides high density of 
recorded image, and shows optical density equal to or more than that of a water-soluble black dye. 

The following Examples further illustrate the present invention in detail but are not to be construed to limit the scope 
ao thereof. 

Example 1 

Commercially available acidic carbon black "MA-100" (pH3.5) [manufactured by Mitsubishi Kagaku K.K.] (300 g) 
45 was mixed with 1000 ml of water and finely dispersed, then to this was added dropwise 450 g of sodium hypochlorite 
(effective chlorine content 12%), and the mixture was stirred for 10 hours at a temperature from 100 to 105°C. The 
resulting slurry was filtered through the Toyo filter paper No. 2 (manufactured by Advantis K.K.) and was washed with 
water until pigment particles leaked. This pigment wet cake was re-dispersed in 3000 ml of water, and desalted with 
reverse osmosis membrane until the electric conductivity reached 0.2 mS. Further, this pigment dispersion was concen- 
so trated to a pigment content of 1 0% by weight. 

Separately, a part of the resulted pigment dispersion was treated with an acid (made to acidic, preferably pH2 using 
an aqueous hydrochloric acid solution, then re-purified), further concentrated, dried, and finely ground, to obtain a fine 
powder of carbon black. The oxygen content (% by weight) of the resulting carbon black was 8%. 

The oxygen content (% by weight) of the (oxidized) carbon black was measured under the conditions shown in 
55 Table 1 according to Inert Gas Melting-Infrared Ray Absorption Method (JIS 22613-1976 method). 
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Table 1 


Analysis conditions 


Analysis apparatus 


HERAEUS CHN-O RAPIO full-automatic elemental analysis appa- 
ratus 


Sample decomposition furnace temperature 


1140°C 


Fractionation tube temperature 


1140°C 


Gas used 


Mixed gas of N 2 /H 2 = 95%/5% 


Gas flow rate 


70 ml/min 


Detector 


Non-dispersing type spectrometer (Binos) 



15 



SO 
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Example 2 

To the pigment dispersion (50 g) obtained in Example 1 was added a solution obtained by dissolving 5 g of ethanol 

#°,2£,T e y P i"L° lid °J 1 !' 25 0 9 ° f Water and 15 9 of PAA ' L (P°'ya"y'amine having a weight average molecular weight 
of 10000. manufactured by N,tto Boseki K.K.: 20% aqueous solution] to obtain an aqueous pigment ink composition 

bladJwL , T50nm POS,t '° n ^ 3 °' m ° r6 34 Cps/250C ' and the avera 9 e P article size ° f *e carbon 
The average particle size of tho oxidized carbon black was measured by Laser Light Scattering Type Particle Size 
Distribution Measuring Machine [manufacture by Ootsuka Denshi K.K., trade name: LPA3000/3100] 

Then, this pigment ink was set into an ink Jet recording apparatus (trade name HG 51 30 (manufactured by Epson 
K K.) and printed on normal paper, to find that discharge of the ink was stable, printed quickly, the recorded image had 
gloss the pigment did not flow when the recorded image was immersed in water after drying, and water resistance was 
excellent. The nozzle used was an ordinary one for an aqueous dye ink. The ink did not set, and when the ink was 
printed again after several hours, discharge did not become poor. Further, when this ink was stored at 50°C for one 
month, no precipitation was produced, the average particle size and viscosity did not vary, and when the printing test 
was conducted again the discharge of the ink was stable, and printing could be conducted smoothly. The optical den- 
sity of a solid recorded image was measured by Macbeth densitometer TR-927 (manufactured by Collmogen K K ) to 
find it was 1 .34 which was a satisfactory value. " 

^ ° na 9ram of ms , in * was set in a P etri dish. It was dried for 12 hours in a drying machine at 40°C. then to this was 
added 2 g of original ink. The mixture was gently shaken to dissolve the solid components completely within 30 sec- 

Example 3 

To the 1 0% pigment dispersion (50 g) obtained in Example 1 was added the solution obtained by dissolving 5 g of 

* ' f J? °* 2 "" 1 t 1hylf f , !. lid0ne " 22 "° 9 °' Water and 18 9 of p VAM0595B [polyvitamin e hydrochloride manufac- 
tured by Mitsubishi Kagaku K.K.: amine value 12 to 13 mg eq/g solid, aqueous solution containing a polymer having a 
weight average molecular weight of 60000 at a content of 1 7%] to obtain an aqueous pigment ink composition. 

The resulting aqueous pigment ink composition was evaluated according to the same manner as in Example 2 to 
obtain the same results as in Example 2. 

Example 4 

•,u?«««"T i . ally aVailab ' e ° arb0n b ' aCk " MA " 8 " k" 3 ' 5 * Manufactured by Mitsubishi Kagaku K.K.] (300 g) was mixed 
with 1000 ml of water, then to this was added dropwise 450 g of sodium hypochlorite (effective chlorine content 12%) 
and the mixture was stirred for 8 hours at a temperature from 100 to 105°C. To this reaction mixture was further added 
100 g of sodium hypochlorite, then the mixture was dispersed for 3 hours at room temperature using a horizontal dis- 
persing machine filled with beads to make the average particle size of the carbon black to about 100 nm The resulted 
slurry was diluted to 10 fold in volume, regulated to pH2 with an aqueous hydrochloric acid solution, and desalted with 
, r !!! rSe i? S T° SIS membrane until an electric conductivity reached 0.2 mS. Further, this pigment dispersion was control- 
ed to pH7.0 using monoethanolamine, and was stirred for one hour. This pigment dispersion was further concentrated 
to a pigment content of 20% by weight. 
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Separately, a part of the pigment dispersion desalted and purified after the acid treatment was concentrated, dried 
and finely ground to obtain an oxidized carbon black fine powder. The oxygen content (% by weight) of the resulting car- 
bon black was measured to find it was 1 0%. 

5 Example 5 

To the pigment dispersion (25 g) obtained in Example 4 were added 62 g of water, 10 g of ethanol, 2.5 g of SP-012 
[polyethyleneimine having an amine value of 19 mg eq/g solid, and a number average molecular weight of 1200, man- 
ufactured by Nippon Shokubai K.K.] and 0.5 g of triethylamine, and the mixture was stirred sufficiently to obtain an 

io aqueous pigment ink composition. This ink composition had a viscosity of not more than 3.2 cps/25°C, and the average 
particle size of the carbon black was 100 nm. 

Then, this pigment ink was set into an ink jet recording apparatus according to the same manner as in Example 2 
and printed on normal paper, to find that discharge of the ink was stable, printed quickly, the recorded image had gloss, 
the pigment did not flow when the recorded image was immersed in water after drying, and water resistance was excel- 

75 lent. The nozzle used was an ordinary one for an aqueous dye ink. The ink did not set, and when the ink was printed 
again after several hours, discharge did not become poor. Further, when this ink was stored at 50°C lor one month, no 
precipitation was produced, the average particle size and viscosity did not vary, and when the printing test was con- 
ducted again, the discharge of the ink was stable, and printing could be conducted smoothly. 

One gram of this ink was set in a petri dish. It was dried for 12 hours in a drying machine at 40°C, then to this was 

so added 2 g of original ink. The mixture was gently shaken to dissolve the solid components completely within 30 sec- 
onds. 

Example Q 

25 To the pigment dispersion (25 g) obtained in Example 4 were added 49.5 g of water, 5 g of ethanol, 5 g of 2-meth- 
ylpyrrolidone. 15 g of PAA-L [polyallylamine having a weight average molecular weight of about 10000. manufactured 
by Nitto Boseki K.K.: 20% aqueous solution] and 0.5 g of triethylamine, and the mixture was stirred sufficiently to obtain 
an aqueous pigment ink composition. 

The resulting aqueous pigment ink composition was evaluated according to the same manner as in Example 5 to 

30 obtain the same results as in Example 5. 

Example 7 

Commercially available carbon black "#45" (pH8.0) [manufactured by Mitsubishi Kagaku K.K.] (300 g) was mixed 
35 with 1000 ml of water, then to this was added dropwise 450 g of sodium hypochlorite (effective chlorine content 12%), 
and the mixture was stirred for 8 hours at a temperature from 100 to 105°C. To this reaction mixture was further added 
100 g of sodium hypochlorite, then the mixture was dispersed for 3 hours at room temperature using a horizontal dis- 
persing machine filled with beads to make the average particle size of the carbon black equal to or less than about 100 
nm. The resulted slurry was diluted to 10 fold in volume, regulated to pH2 with an aqueous hydrochloric acid solution, 
<o and desalted with reverse osmosis membrane until an electric conductivity reached 0.2 mS. Further, this pigment dis- 
persion was controlled to pH7.0 using aqueous ammonia, and was stirred for one hour. This pigment dispersion was 
further concentrated to a pigment content of 20% by weight. 

A part of the pigment dispersion was concentrated, dried and finely ground to obtain a carbon black fine powder, 
and the oxygen content (% by weight) of the resulting carbon black was measured to find it was about 10%. 

45 

Example 8 

To the pigment dispersion (25 g) obtained in Example 7 were added 62 g of water, 5 g of ethanol, 5 g of 2-methyl- 
pyrrolidone, 15 g of SP-012 [polyethyleneimine having an amine value of 19 mg eq/g solid, and a number average 
so molecular weight of 1200, manufactured by Nippon Shokubai K.K.] and 0.5 g of diethylethanolamine, and the mixture 
was stirred sufficiently to obtain an aqueous pigment ink composition. 

The resulting aqueous pigment ink composition was evaluated according to the same manner as in Example 5 to 
obtain the same results as in Example 5. 

55 Comparative Example 1 

Acidic carbon black "MA-100" (pH3.5) [manufactured by Mitsubishi Kagaku K.K.] (500 g) were added 833 g of Mal- 
kyd 32-30WS [30% aqueous solution of Malkyd 32 (neutralizing agent; aqueous ammonia)] and 300 g of water, and the 
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mixture was dispersed using a dispersing machine. Then the dispersion was diluted with water to a pigment content of 
20% To this slurry (25 g) were added 5 g of ethanol, 5 g of 2-methylpyrrolidone and water to make total amount to 100 
g, and the resulting mixture was stirred sufficiently to obtain an aqueous pigment ink composition. This ink composition 
had a viscosity of not more than 4.5 cps/25°C, and the average particle size of the carbon black was 1 50 nm. 

Then, this ink was set into an ink jet recording apparatus according to the same manner as in Example 2 and 
printed on normal paper, to find that discharge of the ink was small and density thereof was gradually lost until no print- 

rerovered ^ "* 8 ° ain ^ SSVeral h ° UrS ' the n0ZZ ' e was Clo " ed and printing ability was never 

*j 9ram ° f thiS ink WaS S6t in 8 petri dish - K was dried for 1 2 hours in a dr y |n 9 machine at 40°C, then to this was 
added 2 g of onginal ink. The mixture was gently shaken. However, the ink was not completely dissolved after 5 minutes 
and undissolved components remained. 

Comparative Example 2 

To the pigment dispersion (50 g) obtained in Example 1 were added 5 g of ethanol, 5 g of 2-methylpyrrolidone 0 5 
g of triethanolamine and water to obtain 1 00 g of an aqueous pigment ink composition. 

This ink composition had a viscosity of not more than 1.5 cps/25"C, and the average particle size of the carbon 
black was 150 nm. 

Then, this ink was set into an ink Jet recording apparatus according to the same manner as in Example 2 and 
printed on coated paper having no absorptivity, to find that discharge of the ink was stable, and printed quickly. However 
the recorded .mage had no gloss, the density had unevenness, and the pigment flowed out when the recorded image 
was immersed in water after drying, and water resistance was poor. 

Comparative Example 3 

A pigment ink composition was prepared using SAM 1000A [styrene-maleic acid resin having an acid value of 480 
and a number average molecular weight of 1600. manufactured by ElfatoChem Japan K.K.] instead of the polyethyle- 
neimine used in Example 5. according to the blending formulation shown in the following Table 2. 

Table 2 





20% pigment dispersion obtained in Example 4 


25.0 g 




SAM 1000 A 


5.0 g 


35 


Water 


57.5 g 




Ethanol 


5.0 g 




2-methylpyrrolidone 


5.0 g 


40 


28% aqueous ammonia 


2.0 g 




Triethanolamine 


0.5 g 



45 



50 



This ink composition had a viscosity of not more than 2.0 cps/25'C, and the average particle size of the carbon 
black was 100 nm. 

Then, this ink was set into an ink jet recording apparatus according to the same manner as in Example 2 and 
printed on normal paper, to find that discharge of the ink was stable, printed quickly, and the recorded image had gloss 
However, the pigment flowed out and blotting was observed when the recorded image was immersed in water after dry- 
ing. 1 

Example 9 



To the pigment dispersion (50 g) obtained in Example 1 was added a solution obtained by dissolving 10 g of etha- 
nol. 5 g of 2-methylpyrrolidone. 35 g of water, and 5 g of tetrabutylammonium chloride to obtain an aqueous pigment 
55 ink composition. M Ka 

This ink composition had a viscosity of not more than 3.0 cps/25°C. and the average particle size of the carbon 
black was 1 50 nm. 

The average particle size of the oxidized carbon black was measured by Laser Light Scattering Type Particle Size 
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Distribution Measuring Machine [manufacture by Ootsuka Denshi K.K., trade name: LPA3000/3100]. 

Then, this pigment ink was set into an ink jet recording apparatus [trade name HG 5130 (manufactured by Epson 
K.K.)] and printed on norma! paper, to find that discharge of the ink was stable, printed quickly, and unevenness of the 
printed image did not occur. When the ink was printed again after several hours, discharge did not become poor. The 
5 pigment did not flow when the recorded image was immersed in water after drying, and water resistance was excellent. 
Further, when this ink was stored at 50°C for one month, no precipitation was produced, the average particle size and 
viscosity did not vary, and when the printing test was conducted again, the discharge of the ink was stable, and printing 
could be conducted smoothly. The optical density of a solid recorded image was measured by Macbeth densitometer 
TR-927 (manufactured by Collmogen K.K.) to find it was 1.34 which was a satisfactory value. 

TO 

Example 1Q 

An aqueous pigment ink composition was prepared according to substantially the same manner as described in 
Example 9, except that 3 g of benzyltributylammonium chloride was used instead of 5 g of tetrabutylammonium chlo- 
15 ride. The aqueous pigment ink composition was evaluated to obtain the good results substantially the same as in Exam- 
ple 9. 

Example 1 1 

20 Commercially available carbon black "MA-S" (pH3.5) [manufactured by Mitsubishi Kagaku K.K.) (300 g) was mixed 

with 1000 ml of water, then to this was added dropwise 450 g of sodium hypochlorite (effective chlorine content 12%), 
and the mixture was stirred for 8 hours at a temperature from 100 to 105°C. To this reaction mixture was further added 
100 g of sodium hypochlorite, then the mixture was dispersed for 3 hours at room temperature using a horizontal dis- 
persing machine filled with beads to make the average particle size of the carbon black to about 100 nm. The resulted 

25 slurry was diluted to 10 fold in volume, regulated to pH2 with an aqueous hydrochloric acid solution, and desalted with 
reverse osmosis membrane until an electric conductivity reached 0.2 mS. Further, this pigment dispersion was control- 
led to pH7.5 using monoethanolamine, and was stirred for one hour. This pigment dispersion was further concentrated 
to a pigment content of 20% by weight. 

Separately, a part of the pigment dispersion desalted and purified after the acid treatment was concentrated, dried 

30 and finely ground to obtain an oxidized carbon black fine powder. The oxygen content (% by weight) of the resulting car- 
bon black was measured to find it was 10%. 

Example 12 

35 To the pigment dispersion (25 g) obtained in Example 1 1 were added 60 g of water, 5 g of ethanol, 5 g of 2-meth- 
ylpyrrolidone, and 5 g of octylpyridinium chloride, and the mixture was stirred sufficiently to obtain an aqueous pigment 
ink composition. This ink composition had a viscosity of not more than 2 cps/25°C, and the average particle size of the 
carbon black was 1 00 nm. 

Then, this pigment ink was set into an ink jet recording apparatus according to the same manner as in Example 9 
40 and printed on normal paper, to find that discharge of the ink was stable, printed quickly, and unevenness of the printed 
image did not occur. When the ink was printed again after several hours, discharge did not become poor. The pigment 
did not flow when the recorded image was immersed in water after drying, and water resistance was excellent. Further, 
when this ink was stored at 50°C for one month, no precipitation was produced, the average particle size and viscosity 
did not vary, and when the printing test was conducted again, the discharge of the ink was stable, and printing could be 
45 conducted smoothly. The optical density of a solid recorded image was measured by Macbeth densitometer TR-927 
(manufactured by Collmogen K.K.) to find it was 1 .34 which was a satisfactory value. 

Example 13 

so Commercially available carbon black "#45" (pH8.0) [manufactured by Mitsubishi Kagaku K.K.] (300 g) was mixed 
with 1000 ml of water, then to this was added dropwise 450 g of sodium hypochlorite (effective chlorine content 12%), 
and the mixture was stirred for 8 hours at a temperature from 100 to 1 05°C. To this reaction mixture was further added 
100 g of sodium hypochlorite, then the mixture was dispersed for 3 hours at room temperature using a horizontal dis- 
persing machine filled with beads to make the average particle size of the carbon black equal to or less than about 100 

55 nm. The resulted slurry was diluted to 10 fold in volume, regulated to pH2 with an aqueous hydrochloric acid solution, 
and desalted with reverse osmosis membrane until an electric conductivity reached 0.2 mS. Further, this pigment dis- 
persion was controlled to pH7.5 using aqueous ammonia, and was stirred for one hour. This pigment dispersion was 
further concentrated to a pigment content of 20% by weight. 
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fl . f h part 0f the pl9 ™ e * ?*Pe™°" was concentrated, dried and finely ground to obtain a carbon black fine powder 
and the oxygen, content (% by weight) of the resulting carbon black was measured to find it was about 10%. 



Example 14 



To the pigment dispersion (25 g) obtained in Example 1 3 were added 60 g of water, 5 g of ethanol 5 g of 2-meth- 
ylpyrrohdone, and 3 g of octylamine hydrochloride, and the mixture was stirred sufficiently to obtain an aqueous pig^m 

had a viscoslty of not more than 2 cps/25 ° c ' and *• ^ P*S 



10 



Comparative Example a 



Acidic carbon black "MA-100" (pH3.5) [manufactured by Mitsubishi Kagaku K.K.] (500 g) were added 250 q of 
» ^n^^TTTT^ ^ 583 9 ° f WatSr ' and the miXture was dis P ersed using a dispersing machine Then the 
IS : ? m S ^ W ' th *° 8 P, ' 9men1 C ° ment ° f 20% - To this slurr * < 25 9) weie 5 g of ethanol, 5 g of 2 
methylpyrrolidone. and water to make total amount to 100 g, and the resulting mixture was stirred sufficiently to obtain 
an aqueous pigment ink composition. This ink composition had a viscosity of not more than 5 cps/2S»C. and the ave 
age particle size of the carbon black was 1 50 nm. 

Then, this ink was set into an ink jet recording apparatus according to the same manner as in Example 9 and 
mTlf a rwrt PaP t r ' 10 ' th f, diSChar9e ° f the ink was sma " -nd density thereof was gradual.y lost Sno print 
recover! pmM ^ ^ SSVeral hours ' the nozzle was cl °93«< and printing ability was never 



Comparative Example fi 



To the pigment dispersion (50 g) obtained in Example 1 were added 5 g of ethanol, 5 g of 2-methylpyrrolidone and 
5 g of a nonionic surfactant Esomin C/15 (ethylene oxide adduct of alkyl amine, manufactured by Uon Tk ) and^he 
:S nZ"7Z7£ St ' rred - ^ Cart3 ° n WaCk ,,0CCU ' ated 3nd Precipitated ' and an P^ent ink coinSon 

Example 15 

^nn C r merCia " 5 l aVa i i ! ab,e addiC Carb ° n bl3Ck (trade name #970 ' manufactured by Mitsubishi Kagaku K K ) (pH3 5) 
hvnochS Sf m • 1 °°° T' ° f Wat6r 3nd f inSly diS P 6rsed ' then 10 this wa * add *< dropwise 450 g o sodtm 
ThlV « , C ° nne f 0ntent 12%) ' and the mixture was stirred for 10 hours * a temperature from 100 Z 
1 05-C. The resulting slurry was f Htered through the filter paper No. 2 (manufactured by Advantis K.K ) and was washed 
with water until pigment particles leaked. This pigment wet cake was re-dispersed in 3000 ml of wateTand desaltS 

} t lL P ' 9ment C ° ntem ° f 1 ° % by weight to obtain an oxidized ca *0" pigment dispersion 

r ;r S TT V ' Z r6SUlted P ' 9ment diSperSi ° n Was treated with an acid < made to a <=Wic using an aqueous hydrochlo- 
nc acid solution, then punf.ed again), concentrated, dried, and finely ground, to obtain a powder oi SS n 

To the pigment dispersion (50 g) obtained in the above<iescribed procedure were added 10 g of ethanol 5 q of 2- 
methylpyrrohdone. further added 35 g of water and 1 g of C.I. Basic Blue 7 to obtain an aqueous ^igmentTnk composl 
tion. Th.s ,nk composition had a viscosity of 1.9 cps/25°C measured by using E type viscometer (laS name Td> 

^ZT^ 0 ^ ^ thS 3Vera9e Partide Size 0f the carbon blac " ^ « nm er ri averse par «c.e 
size of the oxidized carbon black was measured by a kinetic light scattering type particle size distribution meSurinq 
machine (manufactured by Leeds + Northrup K.K., trade name: M ICROTRAC UPA) measuring 
Then. th.s ink was set into an Inkjet recording apparatus (trade name HG 51 30 (manufactured by Epson K K )) and 

mZuZZ 7 - f / d 'f Char9e d ' d n0t ° CCUr - The optical densit * of the resultin 9 ^corded image was measured by 
Macbeth densitometer trade name TR-927. manufactured by Collmogen K.K.) to ffnd it was 1 .42 and the printing den- 
sity was h,gh and excellent. When the recorded image was immersed in water after drying, neither pigment nor 6ye Z 
out and water resistance was excellent. When this ink was stored for 1 month at 50=6, no precipitation was product 
the average particle size and viscosity did not Vary, and when the printing test was conducted again. «£5£2Soi 
the ink was stable and printing can be conducted smoothly. aiscnarge ot 

Then, dispersibility of the aqueous pigment ink composition prepared, and water resistance and blotting of the 
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recorded image were evaluated. The evaluation methods and criteria are shown below. The results obtained are shown 
in Table 3. 

(a) Disperslbility test 

5 

An aqueous pigment ink composition was prepared. The ink composition was left for 3 hours. Then, it was 
observed visually. 

Evaluation criteria 

w 

o: Pigment or dye are uniformly dispersed, and flocculation and precipitation are not observed. 
X: Flocculation and precipitation of pigment or dye are observed. 

(b) Water resistance test 

15 

The prepared ink was set into an ink jet recording apparatus (trade name HG 5130 (manufactured by Epson K.K.)) 
and printed on normal paper, then it was dried. Then, the paper was immersed in water for 1 minute. The recorded 
image was compared and investigated before and after the immersion. 

20 Evaluation criteria 

o: Pigment or dye do not flow from the recorded image, and no discoloration occur. 

a : Pigment or dye flows out slightly from the recorded image or blotting slightly occurs, and consequently slight dis- 
coloration occurs. 

25 X: Pigment or dye flows out from the recorded image or blotting occurs, and consequently considerable discolora- 
tion occurs. 

(c) Blotting test 

30 The prepared ink was set into an ink jet recording apparatus (trade name HG 5130 (manufactured by Epson K.K.)) 
and printed on normal paper, then the recorded image was observed by using a magnifying glass (10 magnification). 

Evaluation criteria 

35 o: No blotting is observed in the recorded image. 
a: Slight blotting is observed in the recorded image. 
X: Considerable blotting is observed in the recorded image. 

Example 16 

40 

Commercially available acidic carbon black (Monark 1300 (trade name), manufactured by Cabott K.K.) (pH2.5) 
(300 g) was mixed well with 1000 ml of water and finely dispersed, then to this was added dropwise 450 g of sodium 
hypochlorite (effective chlorine content 12%), and the mixture was stirred for 8 hours at a temperature from 100 to 
105°C. To this was further added 100 g of sodium hypochlorite (effective chlorine content 12%), and the mixture was 

45 dispersed for 3 hours by using horizontal dispersing machine. The resulting slurry was diluted to 10 fold in volume, reg- 
ulated to pH2.0 with an aqueous hydrochloric acid solution, and desalted with reverse osmosis membrane until an elec- 
tric conductivity reached 0.2 mS. Further, this pigment dispersion was controlled to pH7.5 using aqueous ammonia. 
This pigment dispersion was further concentrated to a pigment content of 20% by weight to obtain a pigment dispersion 
containing oxidized carbon black. 

so The resulted pigment dispersion which had been treated with acid was concentrated, dried, and finely ground, to 
obtain a fine powder of carbon black. The oxygen content (% by weight) of the resulting carbon black was 20%. On the 
other hand, the oxygen content of the raw material acidic carbon black was 12%. 

To the pigment dispersion (25 g) obtained above were added 60 g of water, 5 g of ethanol. 5 g of 2-methylpyrro- 
lidone. and 0.5 g of C.I. Basic Violet 1 , and the mixture was stirred to obtain an aqueous pigment ink composition. This 

55 ink had a viscosity of 2.3 cps/25°C. and the average particle size of the carbon black was 120 nm. Then, this ink was 
set into an ink jet recording apparatus according to the same manner as in Example 15 and printed, to find that printing 
could be conducted quickly without clogging of the nozzle, and when the ink was printed again after several hours, dis- 
charge did not become poor. 
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• „„. °? tiCa !' denSity ° f l he recorded image was 1 - 39 ' which means hi gh Printing density. The pigment nor dye did 
not flow when the recorded ,mage was immersed in water after drying, and water resistance was excellent Further 
when th>s mk was stored at 50°C for one month, no precipitation was produced, the average particle size Si 

5 cSnSucS smcX 6 " Pri " tin9 *" ^ *" * "* WaS ^ and *™* ^32 

r^L h r;mI« e [5 bil, \ 0f th6 aque0U$ Pi9ment ink com P° sition P^Pared, and water resistance and blotting of the 
a^s^nTr S com P° s,t,on were evalu ^ed according to the same manner as in Example 15. The results 

10 Example 17 

♦„ Jl Pi9m6m diSpersi ° n con *aining oxidized carbon black having a pigment content of 20%. was obtained according 
to the same manner as described in Example 1 6. accoraing 

«.^th^ U r 0 , U « Pi9m p[ lt 'T com P osition wa s prepared according to the same manner as described in Example 16 
except that C.I. Basic Blue 1 was used instead of C.I. Basic Violet 1 . 

This ink had a viscosity of 1 .8 cps/25°C, and the average particle size of the carbon black was 120 nm Then this 
,nk was set into an ink ,et recording apparatus according to the same manner as in Example 16 and print^'to findtha^ 
pr.nt.ng could be conducted quickly without clogging of the nozzle, and when the ink was printed «w«S 
hours, discharge did not become poor. 9 several 

The optical density of the recorded image was 1 .40. which means high printing density. The pigment nor dye did 
not flow when the recorded image was immersed in water after drying, and water resistance was excel s 
^ZTl'rTZ* TH 81 5 °: C ° nS m ° nth ' n ° P reci P itati °n was produced, the average particle size and viscosj 

^s^^sr test was conductsd again ' the discharse ° f the ink was stat>ie - and printin9 ^ 

ra ,^' dispersibility . ' ° f the a P ueous Piament ink composition prepared, and water resistance and blotting of the 
aTsh^n Tabte 3. 9 ^ * " *° ^ Same ™ m " 33 in Exam P ,e 15 ' ^ » ™^ 
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Example 18 

t« »hp £ g ™lnn? tSi T COr L t !! nin9 L° Xidized Carb ° n black having a P igment content of 20%, was obtained according 
?S27h s .n Example 1 6. except that 300 g of commercially available basic carbon black having 

" ame) u 3 ?™^ by MitSUbiShi KagakU KK) was used instead of the commercial avaUabte 
acd.c carbon black having a pH of 2.5 (Monark 1300 (trade name) manufactured by Cabott K.K.). and triethanolamine 
was used instead of aqueous ammonia to control pH to 7.5. ir.einanoiamme 
The resulted pigment dispersion which had been treated with acid was concentrated, dried, and finely ground to 

XThI^T & ° f The ° Xy9en COnt6nt (% by Weigh, > of the resultin ° carbon black wis 8% On ihe 

other hand, the oxygen content of the raw material acidic carbon black was 2% 

An aqueous pigment ink composition was prepared according to the same manner as described in Example 16 
except that C.I. Basic Blue 45 was used instead of C. I. Basic Violet 1 example i e. 

This ink had a viscosity of 2.0 cps/25=C, and the average particle size of the carbon black was 55 nm Then this 
.nk was set .nto an mk ,et recording apparatus according to the same manner as in Examp.e 16 and printe^oind M 
pr.nt.ng could be conducted quickiy without clogging of the nozzle, and when the ink was printed again aft^severa 
hours, discharge did not become poor. several 

J* 16 °P tica ' densit y OI » he recorded ima ge was 1 .39. which means high printing density. The pigment nor dye did 
not flow when the recorded image was immersed in water after drying, and water resistance was excellent Further 
2 n^ I' " * T T'l 31 *?? m ° nth ' n ° P reci P itation wa * Produced, the average particle size and vScos^ 

SSJS^SS"" p " 9 st was conducted agaia the discharge 01 the ink was stable - ■ nd printina «** be 

r^JSS'l^^f aqU ?° US Pi9ment ink com P° sition Prepared, and water resistance and blotting of the 
a^sSwnTn Table 3 COm P osrt, °n wera ^aluated according to the same manner as in Example 15. The results 

Example 19 

to th !i^ erSi °; containing oxidized carbon black having a pigment content of 20%. was obtained according 
1 nH of 8 ! -n Example 1 6, except that 300 g of commercially available basic carbon black having 

a pH of 8.0 (#44 (trade name) manufactured by Mitsubishi Kagaku K.K.) was used instead of the commercially available 
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acidic carbon black having a pH of 2.5 (Monark 1300 (trade name) manufactured by Cabott K.K.), and triethylamine was 
used instead of aqueous ammonia to control pH to 7.5. 

The resulted pigment dispersion which had been treated with acid was concentrated, dried, and finely ground, to 
obtain a fine powder of carbon black. The oxygen content (% by weight) of the resulting carbon black was 7%. On the 
5 other hand, the oxygen content of the raw material acidic carbon black was 1%. 

An aqueous pigment ink composition was prepared according to the same manner as described in Example 16, 
except that C.I. Basic violet 3 was used instead of C.I. Basic Violet 1 . 

This ink had a viscosity of 2.1 cps/25°C, and the average particle size of the carbon black was 1 00 nm. Then, this 
ink was set into an ink jet recording apparatus according to the same manner as in Example 16 and printed, to find that 
10 printing could be conducted quickly without clogging of the nozzle, and when the ink was printed again after several 
hours, discharge did not become poor. 

The optical density of the recorded image was 1.42, which means high printing density. The pigment nor dye did 
not flow when the recorded image was immersed in water after drying, and water resistance was excellent. Further, 
when this ink was stored at 50°C for one month, no precipitation was produced, the average particle size and viscosity 
is did not vary, and when the printing test was conducted again, the discharge of the ink was stable, and printing could be 
conducted smoothly. 

Then, dispersibility of the aqueous pigment ink composition prepared, and water resistance and blotting of the 
recorded image using the composition were evaluated according to the same manner as in Example 15. The results 
are shown in Table 3. 

20 

Comparative Example 6 

To the pigment dispersion (50 g) obtained in Example 15 were added 10 g of ethanol, 5 g of 2-methylpyrrolidone 
and 35 g of water to obtain an aqueous pigment ink composition. This ink had a viscosity of 1.9 cps/25°C, and the aver- 
ts age particle size of the carbon black was 80 nm. Then, this ink was set into an ink jet recording apparatus according to 
the same manner as in Example 15 and printed, to find that printing could be conducted quickly without clogging of the 
nozzle. However, the optical density of the recorded image was 1.30. which means low printing density. 

Then, dispersibility of the aqueous pigment ink composition prepared, and water resistance and blotting of the 
recorded image using the composition were evaluated according to the same manner as in Example 15. The results 
30 are shown in Table 3. 

Comparative Example 7 

To the pigment dispersion (50 g) obtained in Example 15 were added 5 g of ethanol, 5 g of 2-methylpyrrolidone, 1 
35 g of C.I. Acid Blue 9, and water to make 100 g of an aqueous pigment ink composition. This ink had a viscosity of 2 
cps/25°C, and the average particle size of the carbon black was 80 nm. Then, this ink was set into an ink jet recording 
apparatus according to the same manner as in Example 1 5 and printed, to find that printing could be conducted quickly 
without clogging of the nozzle. The optical density of the recorded image was 1.40, which means high printing density. 
However, the dye flowed out when the recorded image was immersed in water after drying, and water resistance was 
40 poor. 

Then, dispersibility of the aqueous pigment ink composition prepared, and water resistance and blotting of the 
recorded image using the composition were evaluated according to the same manner as in Example 15. The results 
are shown in Table 3. 

45 Comparative Example 8 

To commercially available basic carbon black having a pH of 8.0 (#44 (trade name) manufactured by Mitsubishi 
Kagaku K.K.) were added 75 g of water, 5 g of ethanol, 5 g of 2-methylpyrrolidone, 1 g of C.I. Basic Blue 7, and the mix- 
ture was stirred. The carbon black flocculated and precipitated. 
so Then, dispersibility of the aqueous pigment ink composition prepared, and water resistance and blotting of the 
recorded image using the composition were evaluated according to the same manner as in Example 15. The results 
are shown in Table 3. 
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1 . An aqueous pigment ink composition comprising an oxidized carbon black obtainable by wet-oxidation of a carbon 
mSum'" 9 3 yP0h3,0US acid and/0r s 311 *"^ 60 '- ^ a water-soluble cationic polymer or oligomer in an aqueous 

2. The aqueous pigment ink composition according to claim 1 , wherein, said oxidized carbon black is obtainable by 
wet-oxidation of a carbon black finely dispersed in water using a hypohalous acid and/or salt thereof. 

3. The aqueous pigment ink composition according to any of claim 1 or 2, wherein the oxygen content of said oxidized 
carbon black is not less than 5.0% by weight 

4. The aqueous pigment ink composition according to any of claims 1 to 3. wherein the average particle size of said 
oxidized carbon black is not more than 300 nm. 

5. The aqueous pigment ink composition according to any of claims 1 to 4, wherein the content of said oxidized car- 
bon black is from 0.1 to 50% by weight based on the total amount of the aqueous pigment ink composition. 

6. The aqueous pigment ink composition according to any of claims 1 to 5, wherein the weight average molecular 
weight of said water-soluble cationic polymer or oligomer is not more than 100000. 

7. The aqueous pigment ink composition according to any of claims 1 to 5. wherein the number average molecular 
weight of said water-soluble cationic polymer or oligomer is not more than 50000. 

45 8. The aqueous pigment ink composition according to any of claims 1 to 7, wherein said water-soluble cationic poly- 
mer or oligomer is selected from polyallylamine, polyethyleneimine, polyvinylamine and polyvinylpyrrolidone. 

9. The aqueous pigment ink composition according to any of claims 1 to 8, wherein the content of said water-soluble 
cationic polymer or oligomer is from 0.1 to 20% by weight based on the total amount of the aqueous pigment ink 

so composition. 

10. An aqueous pigment ink composition comprising an oxidized carbon black obtainable by wet-oxidation of a carbon 
black using a hypohalous acid and/or salt thereof, and a water-soluble cationic surfactant in an aqueous medium. 

55 11. The aqueous pigment ink composition according to claim 1 0. wherein said oxidized carbon black is obtainable by 
wet-oxidation of a carbon black finely dispersed in water using a hypohalous acid and/or salt thereof. 

1 2. The aqueous pigment ink composition according to claim 1 0 or 1 1 . wherein the oxygen content of said oxidized car- 
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bon black is not less than 5.0% by weight. 

1 3. The aqueous pigment Ink composition according to any of claims 1 0 to 1 2, wherein the average particle size of said 
oxidized carbon black is not more than 300 nm. 

5 

14. The aqueous pigment ink composition according to any of claims 10to 13, wherein the content of said oxidized car- 
bon black is from 0.1 to 50% by weight based on the total amount of the aqueous pigment ink composition. 

1 5. The aqueous pigment ink composition according to any of claims 10 to 14, wherein said water-soluble cationic sur- 
10 factant is a cationic surfactant selected from aliphatic amine salts, quaternary ammonium salts, pyridinium salts, 

imidazolinium salts and benzotonium salts. 

16. The aqueous pigment ink composition according to any of claims 10 to 15, wherein the content of said water-solu- 
ble cationic surfactant is from 0.01 to 20% by weight based on the total amount of the aqueous pigment ink com- 

75 position. 

17. An aqueous pigment ink composition comprising an oxidized carbon black obtainable by wet-oxidation of a carbon 
black using a hypohalous acid and/or salt thereof, and a basic dye in an aqueous medium. 

20 18. The aqueous pigment ink composition according to claim 17, wherein said oxidized carbon black is obtainable by 
wet-oxidation of a carbon black finely dispersed in water using a hypohalous acid and/or salt thereof. 

1 9. The aqueous pigment ink composition according to claim 1 7 or 1 8, wherein at least a part of acidic groups existing 
on the surface of said oxidized carbon black is neutralized with at least one basic compound selected from ammo- 

25 nia, alkylamines, alkanolamines, alkylalkanolamines and alkaline metal hydroxides. 

20. The aqueous pigment ink composition according to any of claims 1 7 to 19. wherein the oxygen content of said oxi- 
dized carbon black is not less than 3% by weight. 

30 21 . The aqueous pigment ink composition according to any of claims 1 7 to 20, wherein the average particle size of said 
oxidized carbon black is not more than 300 nm. 

22. The aqueous pigment ink composition according to any of claims 1 7 to 21 , wherein the content of said oxidized car- 
bon black is from 0.1 to 50% by weight based on the total amount of the aqueous pigment ink composition. 
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23. The aqueous pigment ink composition according to any of claims 1 7 to 22, wherein the content of said basic dye is 
from 0.01 to 20% by weight based on the total amount of the aqueous pigment ink composition. 

24. An ink Jet recording solution comprising the aqueous pigment ink composition of any of clams 1 to 23. 

25. An ink solution for writing implements comprising the aqueous pigment ink composition of any of claims 1 to 23. 



so 
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enables smooth writing from a narrow pen tip, and pro- 
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